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(57) Abstract 

Methods for producing RNA viral 
cDNA, such poliovirus ds cDNA, products 
thereof, and uses thereof. Poliovirus cDNA is 
produced, for example, by reverse transcrib- 
ing poliovirus RNA and subsequently insert- 
ing the poliovirus cDNA into bacterial plas- 
mids by genetic-engineering techniques. 
Transformed bacteria are then cloned and 
cultured to produce replicated chimeric plas- 
mids containing the cDNA poliovirus. Such 
poliovirus cDNA is useful in assaying for the 
presence of poliovirus and in the production 
of antibodies against poliovirus. It has also 
been found that full-length poliovirus cDNA 
is infectious, which means it can be employed 
in producing altered virus particles for vac- 
cines. 
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c?DNA REPRESENTING RNA VIRAL SEQUENCES 



Description 

t 

Technical Field 

This invention is in the field of microbiology and 
m ore specifically relates to recombinant DMA techniques 
for producing genetically-engineered microorganisms. 

5 Background Art 

Poliovirus, one of the human picornaviruses , has 
been extensively studied because it is the causative 
agent for serious human disease. Because of these 
studies, it is known that the virion of poliovirus con- 

10 sists of a small icosahedron, 25-30 nm in diameter, com- 
posed entirely of four polypeptides, which are desig- 
nated VP1, VP2, VP 3 and VP4. A single strand of infec- 
tious positive-stranded RNA of molecular weight 2.7 x 
10 6 daltons is enclosed within this protein coat. This. 

IS size is equivalent to approximately 7500 bases, which can 
code for about 25 00 amino acids. 

Despite the extensive studies made of poliovirus, 
there still remain many problems with the current tech- 
niques available for the study, detection and production 

20 of this virus, as well as with the techniques used to 
produce antibodies against poliovirus. 
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For example , the need for improvements in techniques for 
detection can be seen when it is recognized that poliovirus 
RNA cannot be practically employed in the detection of 
poliovirus. This is because poliovirus RNA is in short 
5 supply , is unstable, and does not normally bind to other 
poliovirus RNA* 

To date, the major assay for detectinq the 
presence of poliovirus is a bioloqical technique in 
which samples are analyzed by a plaque assay 
10 employing human cell lines to detect the presence of 
virus. See Dulbecco, R. and Vogt, M. , J. Exptl. Med . 
99 , 167 (1954). This procedure is relatively time con- 
suming and expensive. 

Other RNA viruses, many of which have not been as 
15 extensively studied as poliovirus, present analogous or 
even worse problems than poliovirus, in their study, 
detection, production or use in preparing vaccines or 
antibodies. 

Disclosure of the Invention 

20 This invention relates to the production of com- 

plementary DNA representing RNA viral sequences (RNA 
viral cDNA) and to methods for using such RNA viral cDNA. 

In one embodiment, RNA viral cDNA is produced 
by reverse transcribing Viral R2\A and inserting the re- 

25 suiting cDNA molecule into a recombinant DNA vector. 
Appropriate cells are then transformed with the recom- 
binant DNA vector, cloned and crown under conditions 
sufficient for production of RNA viral cDNA. This 
cDNA can then be harvested from the clonal cell culture 

30 and used, as is, or further modified for certain appli- 
cations. 
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In a particular embodiment, bacteria are modified by 
genetic engineering techniques to make such bacteria 
capable of producing poliovirus double-stranded comple- 
mentary DNA (ds cDNA). In this method, poliovirus single- 
5 stranded (ss) RNA is reverse transcribed to provide polio- 
virus ss CDNA which is extended to ds cDNA and then in- 
serted into a bacterial plasmid to create a chimeric 
plasmid. The chimeric plasmid containing the ds cDNA 
is then inserted into bacterial cells by transforming 

10 the bacterial cells with the chimeric plasmid- Bac- 
terial cells which have been so transformed can then be 
cloned and clonal cell lines grown in cell culture to 
replicate the chimeric plasmid. The poliovirus ds cDNA 
can then be recovered by enzymatically cleaving it 

15 from replicated chimeric plasmids. 

This method provides for the microbiological pro- 
duction of relatively large quantities of RNA viral 

• cDNA at reasonable costs. The cDNA, in turn, can be 
employed in assays for the detection of RNA viruses, 

20 such as poliovirus, since the RNA viral cDNA will bind 
specifically to viral RNA. Such assays can be performed 
quickly and easily and they offer the potential for being 
extremely sensitive for RNA virus detection. 

RNA viral cDNA can also be employed in the production 

25 of either more RNA viral antigen or antibodies to such 
an antigen. In these methods, cBNA to viral RNA is 
produced, as described above. For antigen production, 
cDNA capable of stimulating antigen production is selected 
and inserted into cells capable of producing the antigen 

30 after which the cells are cultured under conditions 

suitable for antigen production, and antigen is then har- 
vested. For antibody production, harvested antigen is 
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employed to immunize a host capable of producing antibo- 
dies to the original virus employed. Monoclonal anti- 
bodies can be produced employing antibody-producing cells 
from the host and known techniques, such as the formation 
5 of hybridoma cell lines. 

Surprisingly, it has been found that a full-length 
poliovirus cDNA molecule produced by the methods de- 
scribed herein and transfected into cells is itself 
infectious. Such infectious cDNA molecules offer great 

10 potential in the production of viral antigens, antibodies 
and vaccines over their counterpart RNA molecules. For 
example, a cDNA molecule can be mutagenized with known 
recombinant DNA techniques. The mutagenized cDNA can be 
transfected into cultured cells and the resulting viral 

IS particles will contain the desired alteration. Such RNA 
viral particles may offer distinct advantages over their 
wild-type counterparts in the production of vaccines. 

Brief Description of the Drawings 

FIGURE 1 is a schematic diagram illustrating the 
20 production of " a bacterial chimeric ' plasmid containing 
poliovirus ds cDNA; 

FIGURE 2 is a block diagram illustrating one embo- 
diment of an assay employing poliovirus cDNA which could 
be produced according to the methods described herein; 
25 FIGURE 3 is a schematic diagram illustrating 

the length of separate poliovirus ds cDNA's produced 
according to 'this invention; and 

FIGURE 4 is a schematic diagram illustrating the 
method employed to splice two poliovirus ds cDNA's 
30 (DVR104 and pVRlOS) to produce a full-length poliovirus 
ds cDNA (pVR106) . 
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Best Mode for Carrying Out the Invention 

As used herein, the terms "poliovirus RNA, " 
"poliovirus cDNA, " "picornavirus RNA," "picornavirus 
cDNA, " "viral RNA, " etc., mean the whole RNA or DNA 
5 molecule or any significant portion thereof. Thus, the 
term "poliovirus cDNA" is used to mean DNA complementary 
to the entire poliovirus RNA or DNA complementary to any 
significant portion of the poliovirus RNA molecule. 

The methods described herein for producing viral 
10 RNA'cDNA employ fundamental gene splicing techniques 
which have been described in the scientific literature. 
For example, U. S. Patent No. 4,227,224, issued to Stanley 
N. Cohen and Herbert W. Boyer, on December 2, 1980, 
describes many of these techniques. The teachings of the 
15 Cohen and Boyer patent, therefore, are incorporated 
herein by reference. 

A more specific description of the techniques which 
can be employed in producing poliovirus ds cDNA will now 
be presented in conjunction with Figure 1, a schematic 
20 diagram illustrating these techniques. 

Type 1 poliovirus is employed. Such virus can be 
obtained by growing epithelioid cells in suspension 
culture and infecting the culture with poliovirus, 
Type 1. The infected cells are then lysed with deter- 
25 gent to release virus particles, which are purified by 
centrifugation. 

Poliovirus ss RNA can be extracted from the puri- 
fied viral particles by phenol-chloroform extraction. 
The extracted ss RNA is then precipitated by ethanol 
30 precipitation. 
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The poliovirus ss RNA is then employed in the syn- 
thesis of poliovirus ds CDMA, as illustrated. Initially, 
the poliovirus ss RNA is reverse transcribed employing 
the enzyme reverse transcriptase, also known as in- 
dependent DNA polymerase. See Kacian, D. L. and Myers, 
J C. (1976) PNAS 73:2191-5. Typically, Tris-HCl buffer, 
P H 8.3, magnesium ions (Mg ++ ) , dithiothreitol, the four- 
deoxynucleoside triphosphates (dATP , dCTP, dGTP and TTP) , 
and at least one labeled - deoxynucleoside triphosphate for 
monitoring the product are added to the reaction mixture. 
Oligo(dT) is also added as a primer which hybridizes to 
the poly (A) end of poliovirus RNA thereby providing a 
site for initiation of reverse transcription. The reac- 
tion mixture is incubated under conditions to allow the 
15 enzyme to synthesize a complementary ss DNA copy or the 
poliovirus genome starting from the 3' poly (A) end and 
• continuing to the 5' end of the genome. The reaction 
can be halted by the addition of ethylene diamine 
tetraacetic acid (EDTA) . 
20 The RNA template is then removed with alkali and 

the ss cDNA moleculBS are fractionated on a sucrose density 
gradient. Larger molecules are typically kept. These 
larger molecules are then placed in another reaction 
mixture containing Tris-HCl buffer, pH 7.5, Mg T , di- 
25 thiothreitol, the 4-deoxynucleoside triphosphates, and 
the Klenow fragment of DNA polymerase I. This reaction 
mixture is maintained under conditions sufficient to 
allow the DNA" polymerase I to extend the cDNA molecule 
initiating synthesis at the snap-back formed at the 3' 
end of the molecule. In a typical example, the reaction 
mixture might be incubated at 37- for about 30 minutes, 
which" is usually sufficient for formation of the second 
complementary DNA strand, as illustrated. See Humphries 
et al. (1978), Nucleic Acids Res ., 5_:905-24. 
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SI nuclease is then employed to cleave the loop 
at one end of the molecule. See Bhat and Piatigorsky 
(1975), PNAS , 76:3299-3303. 

The ds cDNA can then be tailed with oligo(dC) at 
5 the 3' ends by employing terminal transferase and dCTP. 
See Boyer et al. (1977) in "Recombinant Molecules: 
impact on Science and Society" (R. P. Beers and E. G. 
Bassett, eds.) PP 9-20, Raven, N. Y. The tailed ds DNA 
can be electrophoresed on an agarose gel, and the largest 
10 fragments are then eluted from gel slices by electro- 
phoresis- This leaves ds cDNA having poly (C) at both 
ends to serve as "sticky" ends in subsequent binding to 
a cleaved bacterial plasmid in order to form a recombi- 
nant DNA molecule. 
15 Plasmid P BR322 can be employed to illustrate 

! chimeric olasmid formation. Plasmid pBR322 is a well 

characterized plasmid known to contain selectable markers. 
This plasmid contains one gene coding for tetracycline 
resistance as well as a gene coding for ampicillin re- 
20 sistance. Since the poliovirus ds cDNA sequences are 

inserted into-the gene for ampicillin resistance, success- 
fully transformed bacterial cells are ampicillin sensitive 
(AmpS) and tetracycline resistant (Tet R ) , the latter provid- 
ing a marker for transformed cells. 
2S Plasmid P BR322 is cleaved using the restriction 

enzyme Pst I at the gene coding for ampicillin resistance. 
The resulting linearized plasmid is then tailed with 
oligo(dG) employing the enzyme terminal transferase and 
dGTP to produce "sticky" ends on the linearized cleaved 
30 plasmid chains. These plasmid chains can be purified by 
phenol extraction. 
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The oligo(dG) tailed plasmid DNA and the oligo (dC) 
tailed poliovirus ds cDNA are then hybridized in solu- 
tion. This can be accomplished by mixing these DNA 
species in an equimolar ratio in 0.1 M NaCl, heating 
5 for 2 minutes at 68°. and then incubating at 45° for 
3-4 hours. See Boyer et al. , 1977. 

The hybridized plasmid-poliovirus ds cDNA is then 
inserted into E. coli in order to reconstruct the Pst I 
site, to amplify the plasmid DNA, and to identify clones 

10 which contain recombinant plasmids. See Dagert, M. 

and Ehrlich, S. D. (1979), Gene, 23-28. Once the hybrid 
molecule is inserted, the single-stranded gap is re- 
paired by the bacteria. This reconstruction provides 
a Pst I site which the Pst I enzyme can later recog- 

15 nize and cleave to separate the poliovirus ds cDNA 
sequences from replicated plasmids. 

E. coli cells transformed with the hybrid molecules 
can then be selected in the presence of tetracycline 
and later screened for ampicillih sensitivity. Those 

20 clones identified as Tet r Amp 3 can then be analyzed by 
colony hybridization in order to detect specific polio- 
virus sequences in isolated clones. See Grunstein and 
Hogness (1977), PNAS 72:3961-5. Tet r Amp S clones can be 
grown on nitrocellulose filters on top of agar medium. 

25 Colonies are lysed on the nitrocellulose and the DNA 

is fixed to the filters. The DNA on the filters is then 
hybridized with 32 P-labeled poliovirus cDNA in sealed 
polyethylene bags. Autoradiography of the washed and 
dried filters reveals which colonies contain specific 

30 poliovirus sequences, since the DNA from these colonies 
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will hybridize to the labeled poliovirus cDNA and 
appear as dark spots when the filters are exposed to 
x-ray film. 

Plasmid DNA from positive clones can be obtained 
5 using known techniques. See, for example, Meagher 
et al. (1977) and Guerry et al. (1973). 

The DNA can be subjected to electrophoretic 
analysis on agarose gels after digestion with Pst 
Comparison of the digestion pattern of P BR322 and the 
10 hybrid plasmids obtained from positive clones indxcates 
the length of the inserted DNA. 

Those skilled in the art will recognize, of course, 
that other materials and conditions can be employed 
other than those specifically described in the afore- 
15 mentioned embodiment. For example, although Type 1 

poliovirus was employed, it is believed that either Type 2 
or Type 3 could also be employed, if desired. Addition-^ 
ally, it is clear that bacterial cells other than E^colx 
could be emoloyed. For example, B. subtilis could also 
20 be employed as well as many other bacterial strains. 

As will be "clear to those skilled in the art, the 
methods described above are not limited to poliovirus and 
are equally applicable with other SNA viruses. This x« 
particularly true, of course, for SNA viruses havmg a 
25 genome formed from a single positive strand of RMA. 
These include: picornaviruses other than poliovirus, 
such as coxsackieviruses, rhinoviruses , and foot and 
mouth disease viruses; and togaviruses, such as Type A 
(Alphaviruses) and Type B (Flaviviruses) . 
30 Similarly, although bacterial plasmids have been 

employed in producing poliovirus cDNA sequences, other 
recombinant DNA vectors could be employed. Examples of 
other recombinant DNA vectors include phages, animal 
viruses and yeast vectors. Hosts which allow the re- 
35 combinant DNA vector to multiply are chosen, of course. 
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One significant use for RNA viral cDNA produced accord- 
ing to this invention, such as poliovirus cDNA, is in 
assays to detect the presence of an RNA virus. In a 
typical assay for poliovirus, for example, a patient 
5 sample, such as cerebrospinal fluid, can be assayed as 
illustrated in Figure 2. The RNA fraction of the patient 
sample is first isolated, which can be done by phenol 
extraction and ethanol precipitation. This RNA fraction 
need not be pure, but it must be a fraction which would 
10 contain poliovirus RNA if poliovirus were present in the 
original sample. Poliovirus cDNA is first labeled, e.g., 
with a radioactive material such as tritium, iodine, or 
32 P, and subsequently incubated with the RNA fraction 
under conditions to allow the labeled poliovirus cDNA 
to bind to poliovirus RNA, if present. After incubation, 
unbound labeled poliovirus cDNA is separated and bound 
labeled cDNA poliovirus is then detected in a scintilla- 
tion counter or by other means. 

Other patient samples, of course, such as blood 
serum or a biopsy, might be employed. Additionally, 
the assay can- be performed on other liquid samples which 
might contain poliovirus, such as sewerage. Similarly, 
the assay can be employed for RNA viruses other than 
poliovirus. 

25 A solid-phase assay, although not illustrated, 

might be performed. Additionally, the label need not 
be a radioactive isotope, but might be an enzyme, 
optical label, etc. 

Another significant use for RNA viral cDNA produced 

30 according to this invention is in the production of 
antibodies against an RNA virus or viral particle. 
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Antibodies could be produced by reverse transcrib- 
ing viral RNA to provide cDNA, inserting the cDNA into 
a recombinant DNA vector and transforming cells in which 
said recombinant DNA vector can multiply. Transformed 
cells can then be cloned to produce a cell line capable 
of replicating the cDNA, the cell line can be cultured 
under conditions sufficient for the production of cDNA 
and cDNA can then be harvested from the cell culture. 
Specific cDNA could be selected and isolated which was 
capable of directing antigen synthesis in cells and 
subsequently inserted into cells so that these cells would 
produce antigen. A host, such as an animal, could then 
be immunized with the antigen to cause the host to pro- 
duce antibodies against the original RNA virus or a por- 

15 tion thereof. 

Experiments have shown that RNA viral cDNA can 
be infectious, a surprising finding. These experiments 
were performed employing full-length, cloned cDNA copies 
of the RNA genome of poliovirus constructed in the Pst I 

20 site of the bacterial plasmid P BR322 (See Examples below). 
Cultured mammalian cells transfected with these hybrid 
plasmids produced infectious poliovirus. Cells trans- 
fected with a different poliovirus cDNA clone, which 
lacked the first 115 base pairs of the poliovirus genome, 

25 did not produce virus. 

This finding means that it is possible to produce 
RNA virus particles by trans fecting cells with cDNA for 
the RNA virus, culturing the cells under conditions suit- 
able for virus production, and subsequently harvesting 

3 0 the RNA virus particles. 

It also means that it will be possible to perform 
genetic manipulations not possible with RNA which may 
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open up a variety of new approaches to the study of RNA 
viruses and vaccine production. 

For example, a vaccine having properties different 
from one produced from current vaccine strains could be 
5 prepared from cDNA as follows. Initially, a cDNA copy of 
the RNA genome could be produced as described herein, and 
the cDNA could be mutagenized employing recombinant DNA 
techniques. Cells capable of producing RNA viruses could 
then be transfected with the cDNA and cultured under con- 

10 ditions sufficient to produce the altered virus, which 
could then be employed in vaccine production. 

In one specific approach, specific areas of the viral 
genome can be deleted from the cDNA using recombinant 
DNA techniques. Plasmids containing the altered cDNA 

15 could then be transfected into cells, such as mammalian 
cells. Virus particles produced by the cells would be 
recovered and assayed for attenuation in a suitable host. 

Trans fection into cells can be achieved by known 
techniques.- For example, the calcium phosphate DNA CO— 

20 precipitate technique, originally described by Graham and 
Van der Eb, is suitable. See Virology 52, 456 (1973). 
Similarly, the DNA/DEAE-dextran method, originally de- 
scribed by McCutcheon and Pagano, is also suitable. See 
■t. Natjl Cancer Inst . 41, 351 (1968). Those skilled in 

25 the art may know, or will be able to find using no more 
than routine experimentation, other suitable transfection 
techniques . 

The invention is further and more specifically 
illustrated by the following examples. 
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EXAMPLE 1 

Preparation of Hybridized 
Plasmid-Poliovirus ds cDNA and Cloning m E. Coll 

1. Preparation of Poiiovirus RNA 

5 Poiiovirus RNA was obtained using standard procedures 

(Flanegan et al. , 1977, PNAS 74:961). HeLa cells were 
• ' grown in suspension culture to a density of 4 x 10 cells 
per ml, centrifuged, and infected with a stock of polio- 
virus type 1 at a multiplicity of infection (MOI) of 
10 10. Infection was allowed to proceed for 6 hours at 
37° , at which time the cells were centrifuged. Virus 
was released from cells with detergent and purified 
from the cytoplasm by cesium chloride equilibrium centri- 
fugatiorf. RNA was then extracted from virions by phenol- 
15 chloroform extraction and ethanol precipitation . (See 
Flanegan et al.,.19?7.) 

2. syn+hssis- of P^ovirus' Double-Stranded cDWA 

a. First Strand Synthesis 

Poiiovirus cDNA was synthesized in a 0.5 ml reac- 
20 tion mixture containing poiiovirus RNA (50 ^g/ml) , 
50 mM TrisHCl (pH 8.3), 10 mM MgClj. 50 mM KCl, 
0.4 'mM dithiothreitol, 30 jig/ml oligo<deoxythymi- 
dylate), 4mM sodium pyrophosphate, 0.5 mM each of ' 
dCTP, dGTP, and dTTP, 100 joCl/ml - P-aCTP and 
25 150 U reverse transcriptase. The mixture was incubated 
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at 42° for 60' and terminated by addition of EDTA. The 
reaction mixture was phenol extracted and ethanol pre- 
cipitated, and the pellet was resuspended in 0.2 ml of 
a buffer containing 0.3 N NaOH, 0.7 MNaCl, 5 mM EDTA. 
5 The reaction product was subjected to alkaline sucrose 
gradient sedimentation at 35,000 rpm in a Beckman SW41 
rotor at 20°. Fractions of 0.2 ml were collected from 
the gradient and analyzed by alkaline agarose gel 
electrophoresis. Those fractions which contained 
10 full-length poliovirus cDNA were pooled, ethanol pre- 
cipitated and resuspended in 0.05 ml of water. 

b. Second Strand Synthesis 

Full length poliovirus cDNA (approximately 0.5 >ig) 
was incubated in a reaction mixture containing 10 mM 

15 Tris HC1 (pH 7.5), S mM MgClj , 5 aM dithiothreitol, 

and the Klenow fragment of DNA polymerase I (.003 0/ng 
cDNA). The mixture was incubated at 37° for 30' and 
terminated by phenol extraction. The aqueous phase was 
applied to a 1 x 10 cm column of Sephadex G-100 equili- 

20 brated with O.'IM NaCl, 10 mM Tris HC1 < P H 7.5), 1 mM EDTA 
and developed with the same buffer. The void fractions 
of the column were pooled. 



•c. Nuclease Treatment 



25 



Double-stranded poliovirus cDNA, when prepared as 
described above, was in a volume of 1.0-1.5 ml. This 
material was combined with a buffer so that the final 
concentrations were 0.3 M NaCl, 30 mM NaOAc (pH 4.5), 
3mM ZnCl 2 , and 5% glycerin. Nuclease S 1 was then added 
to the mixture in an amount previously determined to 
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cleave the loop at one end of the cONA duplex without 
nicking the rest of the molecule. The mixture was zn- 
cubated at 37° for 60 .in. The reaction was stooped by 
phenol extraction, and the aqueous phase was dialyzed 
5 against a buffer containing S SLM Tris HC1 (pH 7.5), 0.5 
mM EDTA. After dialysis, the cDKA was twice precipitated 
with ethanol and resuspended in 0 . 2 ml of water. 

d. Addition of pm Y f daQ xvcvtidylaf_) to the Polioviru s 

ds cDNA 

10 The cDNA from the previous step [0. OS-lug] was 

added to a 0.1 ml reaction mixture containing 0.15 M 
cacodylic acid, 1 mM CoCl 2 , 0.2 mM dithiothreitol , 
SO jag/ml bovine serum albumin and 0.15 mM dCTP. An 
excess of terminal deoxynucleotidyl transferase [6 o] 

15 was added and the reaction was allowed to proceed at room 

temperature for 20'. At the end of this time, the reaction 
mixture was phenol extracted, ether extracted twice, 
and ethanol precipitated. The final pellet was resus- 
pended in 0.05 ml of 0.1 M NaCl, 10 mM Tris HCl (pH 7.5), 
20 1 mM EDTA. The material is referred to as C-tailed 
poliovirus ds cDNA. 
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3. Molecular Recombinatio n of Poliovirus ds cDNA 

a. Preparation of Vector 

DNA of the plasmid pBR322 was cleaved with restric- 
tion endonuclease Est I in a 0.1 ml reaction mixture 
5 containing DNA [500 ug/mlj , 15 mM Tris.HCl CpH 7.5), 
5 mM MgCl 2/ 50 mM NaCl and excess enzyme. The reaction 
was incubated at 37° for one hour and stooped by phenol 
extraction. The plasmid DNA was ethanol precipitated 
and resuspended in 0.02 ml of water. 
10 Poly'(deoxyguanylate) was added to the 3' ends of 

the plasmid DNA by the procedure described in section 
2(d), above. The differences were: (1) dGTP was used 
instead of dCTP; (2) the reaction volume was increased 
to 0.3 ml, (3) the reaction was allowed to proceed at 
15 20° for 30-60 seconds. After the" reaction, the mixture 
was phenol extracted and chroma tographed on a 1 cm x 
- 10 cm column of Sephadex G-100 in 10 nuM NaCl, 1 *M 

Tris-HCl (pH 7.4), 0.1 mM EDTA. The void fractions were 
pooled, and concentrated 10-fold under a stream of 
nitrogen gas. This material is referred to as "G-tailad 
pBR322 DNA." 

b. Annealing of Poliovirus cDNA and Vector Plasmid , 
An equimolar amount of G-tailed P 3R322 DNA and 

C-tailed poliovirus ds cDNA was mixed in a buffer con- 
taining 1 jug/ml G-tailed pBR322 DNA, the appropriate amount 
of poliovirus CDNA, 0.1 M NaCl, 10 mM Tris.HCKpH 7.5), 
1 mM EDTA. The mixture was heated to 68° for 2' and 
then placed at 45° for 3-4 hours. After this period, 
the annealed material was stored at 4- until transforma- 
30 tion was performed. 
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c. Transformation 

Cells of the bacterid E . coli were made competent 
for transformation by the following procedure. Cells 
were grown in 100 ml of L-broth to an optical density 
at 550 nanometers of 0-1. The cells were centrifuged, 
resuspended in 2 0 ml of cold 0.1 M CaCl 2 and placed on 
ice for 25 minutes. After this time, the cells were centri- 
fuged, resuspended in 1.0 ml of cold 0.1 M CaCl 2 , and 
held on ice for 24 hours. 

Annealed DNA from 3 (b) above (0.001 ug] was added 
to 0.1 ml of competent E. coli and incubated on ice for 
15' This mixture was then transferred to 37' for 5 minutes; 
then 1 ml of L-broth was added and the mixture was shaken 
for 1 hour at 37°. After this period, 3 ml of sort 
15 agar were added and the mixture was poured onto a plate 
of L-agar containing 15 ug/ml tetracycline. Plates 
were incubated ' at 37" until bacterial colonies were 
visible (usually 18 hours). 

d. Identification of Poj j nvirus-Specif ic Clones 
20 Bacterial colonies on tetracycline plates were 

transferred by toothpick to an array on one L-agar 
plate containing 50 ug/ml ampicillin, and another 
tetracycline-containing agar plate. Colonies which were 
identified as ampicillin-sensitive, tetracycline re- 

25 sistant were removed by toothpick to an array on a 
new tetracycline plate, and allowed to grow 18 hours 
at 37». These colonies were then screened for polio 
virus DNA using the colony hybridization technique of 
Grunstein and Hogness, (1975), PNAS 72:3961-5. 

30 Briefly, colonies were transferred to nitrocellulose 
filters, the bacteria were lysed on the filter 
and the bacterial DNA was fixed onto the nitrocellulose. 
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The filters were then hybridized to an isotopically 
labeled poliovirus cDNA probe, washed, and autoradio- 
graphed. Colonies which retained the radioactive 
probes were identified as containing poliovirus cDNA 

5 sequences. 

Many positive clones were examined by isolating 
plasmid DNA, cleaving with restriction endonuclease 
Pst I,' and determining the size of the poliovirus DNA 
insert by electrophoresis on agarose gels. Those 
10 plasmids containing the longest inserts [4.0 Kbp-6.5 Kbp] 
were aligned on the viral genome using nucleotode se- 
quence analysis and restriction enzyme mapping techniques. 

EXAMPLE 2 
Construction Of Nea rly Full-Length 
15 Poliovirus cDNA Clone 

The methods outlined in Example 1 were employed 
to generate two poliovirus cDNA's of 4.0 Kbp and 6.5 Kbp 
•insert length. A diagram of these DNA's is shown in 
Figure 3, wherein they are designated pVRl02 and- P VRl03. 
20 A full poliovirus RNA chain is also illustrated for pur- 
poses of comparison 

DNA of both plasmids pVRl02 and P VR103 was cleaved 
by incubation at 37° in a 0.1 ml reaction mixture con- 
taining IS mM Tris HCl (pB 7.4) , 5 mM MgCl 2 , 50 mM NaCi, 
25 DNA [500 ug/ml] and a mixture of restriction endonu- 

cleases EcoRI and Bgl II. After 60 minutes, the mixture 
was phenol extracted, ethanol precipitated and electro- 
phoresed on a 1% agarose gel. The largest fragments of 
both clones resulting from this digestion were eluted 
SO' from the gel and resuspended in 0.01 ml of H.,0. 0.002 ml 



WO 82/03632 



PCT/US82/00467 



- 19 - 



of each of these DNA's was then added to a mixture 
containing 50 mM Tris HCl (pH 7.5), 10 mM MgClj, 
1.0 mM ATP and 300 units of phage T4 DNA ligase. The 
reaction mixture was incubated at IS- for 16 hours. 
5 After this time, 0.002 ml of the mixture was used to 
transform E. coli bacteria as described above. Re 
suiting tetracycline-resistant colonies were examined 
by isolating plasmid DNA as previously described. 
Cleavage of the plasmid DNA's with various restriction 

10 enzymes and analysis of the digests on agarose gels in- 
dicated that a near-full length poliovirus cDNA clone 
had been constructed. This clone ( P VR104) , which is 
illustrated in Figure 3, begins at the 3« poly (A) se- 
quence of poliovirus RNA, contains all internal sequences 

15 and ends 115 bases from the 5' end of the viral RNA. 
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30 



EXAMPLE 3 



Construction of Plasmid pVPlOS 

1. Isolation of Primer 

To construct a plasmid representing the 5' end of 
poliovirus RNA, the technique of primer extension was 
employed. Plasmid pVR103 was used to isolate a primer 
in the following way. Plasmid DNA (100 pg of P VR103) was' 
digested with restriction endonucleases Earn HI and Bgl II. 
The digestion products were separated by polyacrylamide 
25 gel electrophoresis and the slowest migrating fragment was 
extracted from the gel. This DNA fragment, which con- 
sisted of bases 375-3607 of pBR322 linked, at the Pst I 
site, to DNA representing bases 116-220 of the poliovirus 
genome, was treated with calf alkaline phosphatase to 
remove 5 '-terminal phosphates. The DNA was then phos- 
phorated at its 5' ends with 32 P using ?- P-ATP and 
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polynucleotide kinase. The phpsphorylated fragment 

was then cleaved with restriction endonuclease Rsal, 

and the cleavage products were separated by polyacryl- 

amide gel electrophoresis. A 74-base fragment from the 

5 Bam HI site (position 220) to the Rsa I site (position 149) 

.32 

was purified from the gel. This fragment contained P 
at t the Bam HI site only, and served as the end-labeled 
primer. 

2. Primer Extension - 

10 The labeled primer was hybridized with 2 jug of 

purified poliovirus RNA in the following way. The primer 
and viral RNA were combined in a total volume of 0.005 ml, 
boiled for 2 minutes, and quenched in dry ice. The mix- 
ture was then adjusted to 0.01 M Pipes. HC1 pH 6.4, 0.4 M 

15 NaCl, 2 mM EDTA, 80% formamide in .a total volume of 0.05 
ml. This mixture was held at 42° for 4 hours and then 
diluted to 0.2 ml with water and precipitated with three 
volumes of ethanol. The mixture was reprecipitated with 
ethanol three additional times to remove residual forma- 

20 mide.. 

The final ethanol pellet was resuspended in a 0.05 
ml reaction mixture containing 50 mM Tris.HCl pH8.3, 
50 mM KC1, 0.5 mM dithiothreitol . (DTT) , 10 mM MgCl 2 , 
40 ^ig/ml actinomycin D, and 0.5 mM each of deoxyadenosine 

25 triphosphate, deoxycytidine triphosphate, deoxyguanosine 
triphosphate, and deoxythymidine triphosphate. Reverse 
transcriptase (RNA-dependent DNA polymerase) was added, 
and the mixture was incubated at 42° for 60'. After this 
time, the mixture was* made 0.3N NaOH, incubated 37° for 

10 three hours, neutralized and the reaction contents were 
precipitated with' ethanol. The reaction products were 
separated on an 8% polyacryiamide gel containing SM urea. 
An autoradiograph of the gel revealed that the 74-bp 
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primer had been extended to 220 bases in length, indicat- 
ing that the reverse transcriptase had most likely ex- 
tended to the first base of the viral RNA. Nucleotide 
sequence analysis of the primer-extended material con- 
5 firmed that the extended product reached the very 5' end 
of the viral RNA. 

•3. Molecular Cloning of Primer Extended Material 

The primer-extended band 22 0 bases in length was 
excised and purified from the 8% polyacrylamide gel (see 

10 above) . The fragment was ethanol precipitated and sus- 
pended in a 0.1 ml mixture containing 1 mM CoClj, 0.14 M 
cacodylic acid, 0.2 mM DTT, 0.15 mM dCTP, 0.3 mg/ml 
bovine serum albumin and the enzyme terminal deoxynucleo- 
tidyl transferase. After incubation at room temperature 

15 for 20 «, the reaction mixture was extracted with phenol 
and. ethanol precipitated. This treatment added a stretch 
of d (C) residues to the 3' end of the primer-extended 
fragment. 

The oligo d(C) - tailed fragment was then made 
20 double-stranded using a primer of oligo d ( G) 12 -18 and 
DNA polymerase I (Klenow) . The fragment was incubated 
in a*0.1 ml mixture containing 0.1 M Tris.HCl pH 7.5, : 
0.2 M MgCl 2 , 0.1 M DTT, 1 mM each dCTP, dAT? , dTTP , 
dGTP, 20 ,ug/ml oligo d (G) and the Klenow fragment of 
25 DNA polymerase I. After incubation at 37° for 60', 

the reaction mixture was extracted with phenol and applied 
to a 0.5 cm x -5 cm column of Sephadex G-100 equilibrated 
and developed with 0.1 M NaCl, 10 mM Tris.Cl pH 7.5, 
1 mM EDTA. The void fractions were pooled and ethanol 
30 precipitated. The resulting material was subjected to a 
terminal transferase reaction (see above) to add stretches 
of oligo- c(C) to its 3' ends. These tailed molecules were 
then cloned into the Pst I site of plasmid ?BR322 using 
techniques described in Example 1. By using tails of 
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oligo d(C) to clone this fragment, the Bam HI site, which 
had been phosphorylated for primer extension, was re- 
stored. Tetracycline-resistant colonies obtained from 
transformation of this material into E. coli were therefore 
5 screened for cleavage with Bam HI. Several molecular clones 
were isolated which contained inserts approximately 220 
bases long which were excisable with Pst I plus Bam HI. 
Nucleotide sequence analysis of one such clone, called 
pVRlOS, indicated that it contained DNA representing 
10 bases 1-220 of the viral RNA. Plasmid P VR105 is illus- 
trated in Figure 3. 

EXAMPLE 4 
Construction of PVR106 and pVR!06a, 
Full-Length Poliovirus ds cDNA Plasmids 

15 The procedure employed for joining plasmids pVR104 

and pVR105 to form a full-length copy of poliovirus ds 
cDNA in pBR322 in shown in Figure 4. 

Conditions for partial Bam HI cleavage of plasmid 
PVR104 were determined by incubating the plasmid with 

2 0 enzyme at 37° for increasing periods of time. Digests 
were analyzed by electrophoresis in 0.6% agarose gels 
and examined for the presence of linear full-length 
molecules. The incubation time which gave reasonable yield 
of linear full-length molecules (which, by definition, are 

25 a permutation of molecules cut once by Bam HI) was used to 

digest 100 ;jg-of P VR104. The digestion products were electro- 
phoresed on an 0.6% agarose gel and the linear, full- 
length molecules were excised and recovered from the gel. 
These molecules were then cleaved with EcoRI and the 

30 cleavage products were separated by 0.6% agarose gel 
electrophoresis. An 8-Kb DNA fragment from base 220 
of the viral genome through the 3' end of the genome and 
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extending to the P BR322 EcoRI site was identified by its 
size and extracted from the agarose gel. 

Similarly, plasmid pVRlOS was digested under condi- 
tions which yielded linear, full-length molecules, as 
judged by 0.6% agarose gel electrophoresis. Linear mole- 
cules were purified by gel electrophoresis and cleaved 
with EcoRI. The cleavage products were separated by 0.6% 
agarose gel electrophoresis. The fragment consisting of 
nucleotides 1-3607 of pBR322 united to DNA representing 
bases 1-220 of the poliovirus genome was identified by 
its size and purified. 

Approximately 0.1 ^ag of the DNA fragments isolated 
from pVR10 4 and pVR105 (see above) were mixed and incu- 
bated in a reaction mixture containing 50 mM Tris.HCl pH 
IS 7.8, 10 mM NgCl 2 , 20 mM DTT, 1 mM ATP. T4 DNA ligase 
was added and the mixture was incubated 18 hours at 
15° C. 'After this time, the ligated DNA's were trans- 
formed into E. coli C600 as described previously. Tetra- 
cycline-resistant colonies were examined for the presence 
20 of a full-length poliovirus cDNA clone by cleavage of 

plasmid DNA with various restriction endonucleases . For 
example, a full-length clone cleaved with Kpn I and ex- 
amined by 0.6 % agarose gel electrophoresis would be 
expected to generate fragments 8200, 2998 and 596 bases . 
25 in length. Two clones were identified, P VR106 and P VRl06a, 
which, when digested with enzymes Bam HI, Kpnl, PstI, 
Bgll, Bglll and Xbal, yielded patterns consistent with, 
those expected from a full-length clone. Nucleotide 
sequence- analysis of the 5' end of the insert from P VR106 
and P VR106a proved that the 5' end of the viral RNA was 
present in these molecular clones. Therefore, P VR106 
and P VRl06a contained a full-length cDNA copy of the polio- 
virus genome at the PstI site of p3R322. 



30 



WO 82/03632 



PCT/US82/00467 



- 24 - 

A deposit of a bacterial cell line containing 
plasmid pVRl06 has been made at the American Type Culture 
Collection and is identified by ATCC Accession No. 31844. 
This deposit consists of plasmid pVRlOG in the bacterial 
5 host E.' coli HB101. The plasmid was inserted into this 
bacterial strain, which is rec A~, to maintain its sta- 
bility. Transformation was achieved employing the pro- 
cedures described in Example 1/ Section 3c. 

EXAMPLE 5 

10 Sequencing of Poliovirus cDNA 

The complete nucleotide sequence of the poliovirus 
cDNA specific insert in clone pVRl06 was obtained using 
published techniques. See Maxam, A. M. and Gilbert, W. , 
(1980), in Methods in Enzymology, Grossman, L. and 

15 Moldave, K. , eds., Vol. 65, pp 499-559, Academic Press, 
New York. This sequence in shown in Table I. 

In the 5' untranslated region, potential termination 
codons are marked by asterisks and the phase in which they 
occur is indicated. ATG codons in the untranslated 

20 region are underlined, and the phase in which they occur 
is shown. The sequence is translated into amino acids 
starting at base 743 through base 7339. The coding region 
and amino acid sequence of VPg, the protein linked to 
the 5 1 end of the viral RNA, are indicated by underlining. 

25 The location of VPg is based on the published sequence. 

See Larsen, G. R. , Semler, B. L. and Wimmer, E. , J. Virol. 
37, 328-335 (1981). The positions of the virion proteins 
are indicated on the basis of amino acid sequence data. 
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EXAMPLE 6 
Trans fection of Cells With 
Full-Length Poliovirus Clone 
CV-1 and HeLa cells were grown to 80% confluence 
in 10-cm plastic dishes. Briefly, the cells were grown 
in Dulbecco's modified Eagle medium (DMEM) containing 
10% calf serum. Cells were maintained at 37 °C in a 
humidified incubator containing an atmosphere supplemented 
with 5% C0 2 « 

Cells were transfected with either 10 jag plasmid DNA 
per dish or 2 pq of viral RNA prepared as described in 
Example 1. Trans fection was achieved using the modified 
calcium-phosphate technique described by Parker and 
Stark. See B. A. Parker and G. R. Stark, J. Virol., 
31, 360 (1979). Briefly, medium was removed 
from the cells', and DNA was added as a calcium T phosphate 
precipitate in Hepes -buffered saline. After 20 minutes 
at room temperature, cells were covered with warm 
medium (Dulbecco's modified Eagle medium plus 10% calf 
serum) and incubated four hours at 37°. After this time, 
medium was removed, cells were washed once with warm 
medium, and 2.5 ml per dish of 15% glycerol in 
Hepes -buffered saline was added. After 3.5 minutes at 
37 °C, the glycerol was removed and cells were washed 
once with warm medium. One of the duplicate dishes was 
then covered with warm medium, and the other was covered 
with medium containing 1% agarose (Sigma) . Plates 
were incubated at 37 °C for 4-5 days. To count plaques, 
the agar overlay was removed and cells were stained with 
0.1% crystal violet in 50% ethanol. Medium from cells 
incubated under liquid was assayed for infectious polio- 
virus on HeLa cell monolayers. 

The results are shown in Table 2, wherein virus 
titers shown are values for typical experiments. 
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For RNAse treatment, 5 pg of boiled pancreatic 
RNAse (Worthington) were used for 10 pg DNA or 2 pg RNA. 

As can be seen, a high virus titer was found in the 
medium from cells transfected with P VR106 but no virus 
was released from P BR322-transf ected cells. Cells trans- 
fected with pVR106 and incubated under agar displayed, 
upon staining with crystal violet, plaques similar to 
those induced by poliovirus. No plaques were observed 
on cells transfected with P BR322 DNA. Usually, from 
10-70 plaques were observed per 100 mm plate of cells 
transfected with 10 »g of P VR106. If approximately 10% 
of the cells receive DNA, as suggested by Parker and 
Stark, then infectious foci arose at an efficiency of 

'■' about 2-8 x 10~ 5 . 
15 Transfection with an independently-derived,, full-', 

length poliovirus cDNA clone, designated P VRl0 6a, (see 
Example 4), also yielded infectious virus following 
transfection into cells. 

Further experiments, the results of which are also 
20 presented in Table 2, illustrated that virus production 
in transfected cells was directed by plasmid P VR106. 
No virus was detected in cells transfected with P VR106 
DNA cleaved by Hinf I, an enzyme which cuts the plasmid 
at 45 sites and which does not reduce the infectivity 
25 of viral RNA . • The infectivity of P VR106 DNA was 

not significantly reduced by treatment with RNAse under 
conditions which abolish the infectivity of viral RNA . 
Therefore, infectivity was not due to viral RNA contami- 
nating the PVR106 DNA. Phenol extraction of pVRlOS DNA 
alone or followed by RNAse treatment did not lover the 
infectivity of the plstsmid. Thus, virions did not appear 
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to be present in the pVRl06 preparation. When pVRlOS 
DNA was assayed directly for contaminating virions on 
HeLa cell monolayers, no infectivity was detected (data 
not shown) . These results indicate that the infectivity 
5 of pVR!06 is inherent in the plasmid DNA. 



TABLE 2 ' 

Transfection of Cultured Mam malian Cells 
Wi th Various Plasmid DNA's 



Plaque forming No. of plaques 
, 0 units/ml on transfected 

u„«iAie Acid in medium cell monolayers 



Nucleic Acid 

CV-1 cells 



1.2 x 10 9 22 
n 0 

10 



pVRl06 

pVRl06 + Hiftf I 0 

15 pVRl06 * RNAse 1.3 X 10 

pVRl06, phenol g 

extracted 1 x 10 " 

pVRl06, phenol 

extracted, then g 
20 RNAse 1.4 x 10 26 

pBR322 0 0 

viral RNA 1.5" x 10 71 

viral RNA + RNAse 0 0 

viral RNA + 9 , ft 

25 Hinf I 1.4 x 10 20 



HeLa 'cells 

pVRl06 
pBR322 



3.7 x 10 8 69 
n 0 
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EXAMPLE 7 
Antibody Neutraliz ation Test 
The identity of the virus produced in pVRlOS- 
transfected cells was examined employing an antibody 
5 neutralization test. About 100 plaque-forming units 
of the virus released into the culture medium of P VR10 6 
transfected cells obtained following the procedures of 
Example 6 was mixed with various dilutions of rabbit 
anti-poliovirus antiserum and assayed for infertility. 
10 in parallel, 100 pi ague -forming units of authentic pox- 
virus was assayed for neutralization by the serum. 
Both viruses were neutralized 50% by a 1/50,000 dilution 
of the serum indicating that the pVR10 6-derived virus 
was authentic poliovirus. 

15 EXAMPLE 8 ' 

Trans fection of Cells With 
Poliovirus clone pVR1Q4 
Plasmid P VR104, prepared as described in Example 
2 above, contains an almost full-length cDNA sequence 
20 for the entire poliovirus genome, but lacks the first 
115 bases of poliovirus genome. Plasmid P VR104 was 
transfected into CV-1 cells following the procedures 
of Example 6 but did not result in virus production 
indicating that the 5' end of the poliovirus RSA is 
25 required for infectivity even though it does not encode 
protein (there are no AUG codons in this region) . 
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Industrial Applicability 

The invention described herein is useful in the 
production of RNA viral cDNA, such as poliovirus cDNA, 
by recombinant DNA techniques. The products , such as 
5 poliovirus cDNA, are in turn useful in assays for the 
detection of such viruses and in the production of viral 
antigens and antibodies against such viruses, etc. 

Equivalents 

Those skilled in the art will recognize, or be able 
10 to ascertain, using no more than routine experimentation, 
many equivalents to the specific embodiments of the in- 
vention described herein. Such equivalents are intended 
to be encompassed by the following claims. 
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Claims 

1. A method for producing RNA viral cDNA, comprising: 

a. reverse transcribing RNA viral 
sequences to provide cDNA; 
5 b. inserting said cDNA into a 

recombinant DNA vector; 

c. transforming cells in which 

said recombinant DNA vector will multiply; 

d. cloning a transformed cell to 
10 produce a clonal cell line capable of 

replicating said cDNA; 

e. culturing said clonal cell line 
under conditions whereby cDNA is produced; 
and , 

IS f. harvesting said human cDNA from 

said cell culture; 

2. A method of Claim 1 wherein said RNA viral sequences 
comprise RNA from a human picornavirus. 

» 

3. A method of Claim 1 wherein said RNA viral sequences 
20 comprise poliovirus RNA. 

4. A method of Claims 1, 2 or 3 wherein said recombi- 
nant DNA vector comprises a vector selected from a 
bacterial plasmid, a phage, an animal virus, or a 
yeast vector. 

25 5. A method for the bacterial production of poliovirus 
cDNA, comprising: 
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a. reverse transcribing polio- 
virus RNA to provide ss poliovirus cDNA; 

b. forming ds cDNA from said ss 
polio virus cDNA; 

5 c. inserting said ds poliovirus 

cDNA into a bacterial plasmid to create 
a chimeric plasmid; 

d. transforming bacterial cells 
with said chimeric plasmid; 
10 e. cloning a transformed bacterial 

cell to produce a clonal bacterial cell 
line capable of replicating said poliovirus 

ds cDNA; 

f. culturlng said clonal bacterial 
15 cell line in cell culture under conditions 

conducive to the production of polio- 
virus ds cDNA; a$d , 

' g. harvesting said poliovirus ds 
cDNA from said" cell culture. 

20 6. A method of Claim 5 wherein said bacterial cells 
comprise E. coli cells. 

7. A method of Claim 6 wherein said bacterial plasmid 
contains a selective marker for transformed cells. 

8. A. method of Claim 7 wherein said selective marker 
25 is resistant to an antibiotic. 



9. A method of Claim 8 wherein said bacterial plasmic 
comprises plasmid p3R322. 
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10. Poliovirus ds cDNA produced by a method of Claims 5, 
6, 7, 8 or 9. 

11. A recombinant DMA vector containing RNA viral cDNA. 

12. - A recombinant DMA vector of Claim 11 wherein said 
5 RNA viral cDNA comprises poliovirus cDNA. 

13. A chimeric bacterial plasmid containing RNA viral 
cDNA. 

14. A chimeric bacterial plasmid of Claim 13 wherein said 
RNA viral cDNA comprises poliovirus ds cDNA. 

10 15.. A clonal cell line transformed with a recombinant 
DNA vector containing RNA viral cDNA. 

16. A clonal cell line of Claim "15 wherein said RNA viral 
cDNA comprises poliovirus ds cDNA. 

17. A clonal bacterial cell line transformed with a 
15 chimeric plasmid containing RNA viral cDNA. 

18. A clonal bacterial cell line of Claim 17 wherein said 
RNA viral cDNA comprises poliovirus ds cDNA. 

19 A clonal bacterial cell line of Claims 17 or 18 

wherein said bacterial cells comprise transformed 
20 E. coli cells. 

20. The clonal bacterial cell line identified by ATCC 
Accession No. 31384. 
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21. In an assay for an RNA virus, the improvement compris- 
ing employing labeled cDNA representing said RNA virus 
to bind to said RNA virus and thereafter detecting 
labeled cDNA bound to said RNA virus • 

5 22. The improvement of Claim 21 wherein said RNA virus 
comprises poliovirus. 

23. An assay for the detection of an RNA virus in a 
sample, comprising: 

a, isolating an RNA-containing 
10 fraction of said sample, said RNA- 

containing fraction being a fraction 
: which would contain said RNA virus if 
it were originally present in said 
sample; 

1S b. labeling cDNA for said* 

HNA virus; 

c. incubating said labeled cDNA 
with said RNA-containing fraction in an 
inoubation mixture under conditions 

20 sufficient for labeled cDNA to bind to 

the RNA virus; 

d. removing unbound labeled cDNA 
from the incubation mixture; and, 

e. detecting remaining bound 
25 labeled cDNA. 

24. An assay of Claim 23 wherein said RNA virus comprises 
poliovirus. 

25. An assay c£ Claim 24 wherein said sample comprises 
a human physiological sample. 
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26. An assay of Claim 25 wherein said human physio- 
logical sample comprises a biopsy or cerebro- 
spinal fluid. 

27. An assay of Claim 24 wherein said sample comprises 
5 sewerage- 

28. A method of producing antibodies against viral RNA 

comprising: 

a. reverse transcribing said 
viral RNA to provide viral RNA cDNA; 
10 b. inserting said cDNA into a 

recombinant DNA vector; 

c. transforming cells in which 
said recombinant DNA vector can multi- 
ply; 

15 d. cloning a trans-formed cell to 

produce a clonal cell line capable of 

replicating said cDNA; 

e. culturing said clonal cell line 

under conditions whereby cDNA is produced; 
20 f . harvesting said cDNA from said 

cell culture; 

g. selecting and. isolating specific 
cDNA capable of directing viral RNA • . 

25 antigen synthesis in cells; 

h. inserting said specific cDNA 

into cells; 

i. culturing said cells under con- 
ditions whereby viral RNA antigen is 

30 produced; 

'j. immunizing a host with said 
antigen to cause said host to produce 
antibodies against said viral RNA. 
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29. A method of Claim 28 wherein said viral RNA com- 
prises poliovirus. 

30. A method of . Claim 28 wherein said viral RNA com- 
prises coxsackie virus. 

5 31. A method of Claim 28 wherein said vdral RNA com- 
prises a rhinovirus. 

32. A method of producing viral RNA antigen, comprising 
a. reverse transcribing viral RNA 
to provide viral RNA cDNA; 
10 b. inserting said cDNA into a re- 

combinant DNA vector; 

c. 'transforming cells in which said 
recombinant DNA vector can multiply; 

d. cloning a transformed cell to 
1S produce a clonal cell line capable of 

replicating said cNDA; 

e. culturing said clonal cell line 
under conditions whereby cDNA is produced ; 

f. harvesting said cDNA from said 

20 cell culture; 

g. selecting and isolating specific 
cDNA capable of directing viral RNA 
antigen synthesis in cells; 

h. inserting said specific cDNA 

25 into cells; 

i. culturing said cells under 
conditions whereby viral RNA antigen is 
produced ; and , 

' j . harvesting said antigen. 
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33. Plasmid pVR106. 

34. A recombinant DNA vector containing a full-length 
poliovirus cDNA. 

35. Poliovirus cDNA having 'the base sequence set forth 
5 in Table I and equivalents thereto containing dif- 
ferent codons for the same amino acid sequences or 
equivalent sequences. 

36. Infectious RNA viral cDNA. 

37. infectious poliovirus cDNA. 

10 38. A method for producing infectious RNA virus , com- 
prising: 

a. transfecting cells with infec- 
tious cDNA for said RNA virus ; 

b. culturing said cells under 

15 conditions sufficient for the cellular 

production of RNA virus; and, 

c. harvesting said RNA virus. 

39. A method of-Claim-38 wherein said RNA virus-is a 
virus having a genome comprising a single positive 

20 strand of RNA. 

40. A method of Claim 38 wherein said RNA virus is 
p.oliovirus. 

41. A method of Claims 38, 39 or" 40 wherein said cells 
comorise ma-Tunalian cells. 
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42. A method of Claim 41 wherein said mammalian cells 
are human cells, 

43. A method of producing vaccines from RNA viral se-_ 
quences, comprising: 

5 a . reverse transcribing said RNA 

viral sequences to produce infectious 
RNA viral cDNA; - 

b. mutagenizing said infectious 

RNA viral cDNA; 
10 c. transfecting cells capable 

of viral RNA production with said muta- 

genized infectious RNA viral cDNA; 
d. culturing said trans fected 

cells under conditions sufficient 
15 for the production of attenuated viral 

RNA. 
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OBTAIN A SAMPLE TO 8E 
ASSAYED FOR THE PRESENCE 
OF POLIOVIRUS 



I SO LATE AN RNA FRACTION FROM 
THE SAMPLE WHICH WOULD CONTAIN 
POLIOVIRUS, IF PRESENT 



LA8EL POLIOVIRUS cDNA 



INCUBATE LABELED POLIOVIRUS cDNA 
WITH THE RNA FRACTION UNDER CONDITIONS 
SUFFICIENT FOR THE cDNA TO BIND 
TO POLIOVIRUS, IF "PRESENT 



REMOVE UNBOUND POLIOVIRUS cDNA 
FROM LABELED BOUND POLIOVIRUS cDNA 



DETECT LABELED POLIOVIRUS cDNA 
BOUND TO POLIOVIRUS RNA 



Fig. 2 
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